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Abstract

A {elcscope  folded  in to  minimum volume for  ]aunching  can  be a powcrfLI]
tcchniquc  for maximizing the apcrtum si7c that can be :icccJIIII~Ic)cl:Ltccl  in a
given launch  vchic]c  shroud. As an cxatnplc  we show our concept  for a 1 ‘oldcd
Astronomic-al Space  ‘1’clcscope  (I;AS’I’) whcm a 2.4-m 1 lubble  Space ‘1’CICWOPCI
(11 S’1’) class  of tc]cscopc can bc packaged in a 1 .5-m diamc[er  cylinder. ‘JIIcI
enabling rationale, general collfig~]l’zllio]l,” and optical  systcn  lwhnologies  for
such a tclcwopc  will he prcscn (d.

2. Introduction

1 .argc expensive science  spacmrafl  arc nf)t on the real ixab]c  h o r i z o n  f o r  t h e
first  dccadcs o f  the 21 sl Century. ‘1’he gu ide l ines  today  are small,  quicli  a n d
affordah](’. ‘J’o meet these goals future ]arf:c spare optical tclcscopm  ncwl  10 be
significantly diffcmml  from the classical and consmvalivc  form represent  d by
the 11s’1’. ‘1’hc goal is to provide a 3- to S-meter class  precision astronomical
(clescopc tha[ can be launched on a mdium-sized unn~anncd  booster, such as
Atlas or lk]ta.

l~cployability  is impor[ant  for large optical systems that, when  combincxi with
a fast primary focal ratio, can rcduw system mass to enable  use of a smal 10-
launch  vehicle and thereby achicvc a si[; nificant  reduction in mission cost
COmparccl  to that of the 11s’1’. lkployabili{y  is not important for small Iclcscopm
for planetary missions, which arc often  only a small part of the spacecraft, for
cxamp]c  the small but versatile cammi for the l)]uto Mission. We ~~rill  adclrcss
(hc case  where the Iclescopc  is the largest  pari of the spacwraf[  and show how
signi f icant  gains  in lowcrwl  mission cos[ can bc acromplis}~c~i  through use of
dcployabil i ty.

3. Background

‘1’llc proposed 1 .argc l~cployable  Reflector ( 1 .1>1<) was an aml)i lious at lcInpt  10
prm’idc astronomers wi [h a 20-mc[er  diameter  tclescopc  for infrared :ind sulJ-
millimcto  -  observations. A total  of 96 mirror segments were required. Studies
a d d r e s s e d  swcra] m o d e s  for achicvjng,  such  a  large’ telescope  using the
dimensional and mass constraints of Ihc Space Shulllc. 111 the! Course of these
s t u d i e s  dcployab]c  and sj>acc-:lsscII)Il>lec~  options  were addJ’csscId, 1 lowcwr, it
bccamc  apparcml  that the 1.1)1{ would require  both mullip]c  Shuttle missions
and assembly at a Space .Statim. ‘l’hc concept  of two. stage optics] was dwclopcd
(0 case  lhc precision required in assmIbljT of (he pr imary mirmr scgmcmts,



the final  p h a s i n g  being done  at a 1 -meter diameter  scgmcmtcd  mirror located
at an exit pupil. ‘1’bc estimated costs for I})(’ several sccmarim  showed  that such
an cxtrmcly large  telescope as the 1,111{ was unaffordab]c.

4. Philosc@y

‘1’he philosophical approach to a loldcd  Astronomical Space ‘1’clcscopc  (l;AS’I’)  is
t o  rcducc  the c o s t  t o  a  p o i n t  so tha t  I cplacmmt rather than i n - o r b i t
]cltl]’l>isl~~]~c]lt  would  be the most cost cffcc[ivc  option. ‘1’his would provide
Inorc missions, economics  of  a  sustaincci  product ion  line,  an(i m o d u l a r
construction. More important, each telescope  would be optimimci for a
]mrticular  set o f  scicncc  objectives. ‘I’i Ic g o a l  woul~i be to p r o v i d e  the
resolution and  ]ighl  grasp  rcquirmi  for post-11S’1’ astronomy.

‘1’() meet  111(! new guiclclinm  of tSJ?):d/, q[Jick anti aff[)f’dal)lc  we thlJS propose the
concept  of a minimally deployable primal)’ mirror that is fol(icxi  for launch
into a compact package. ‘] ’}lis cou]ci provi{ic the means  to reach the Eoal of an
1 iS’1’-class telescope  at an acceptably low cosl. Coupled  with this configuration
would  bc a wry fast primary focal ra(io such that the (icploymi  trlcscopc  would
still  be wry compact anti have  a minimum n]ommt of inertia.

5. Cost leverage

III order  to scc how costs  can be lowmmi  to where Icicscopcs  larger tllc 11S’1’
can he achieved  w i t h i n  t}lc mnstraints  of fiscal realily  WC ncwi  to cxami Jlc
how the mission cost arises. ‘1’}]crc  are five principal cost elements with
fract i 011S as follows:

‘1’elc’smpc’ 1 ()%
1 ‘ocal  plane  illslru)llc]lt:~tic)]l 1 OVO

Balance of spacecraft 20Y0

lkmslcr  (S’1’S or major booster) 30%
Nm-h:miwarc program costs :+09’0

‘Ike fast focal ratio an(i folcimi  launch  conf igura t ion  wou](i have lcvcragc  on
costs throu~h  a smaller telescope structure an(i mass. ‘1’hc a(idcci complexity of
the (icployab]e  aspects of the mirror an(i light shicl(i  probably wou](i r:iisc
costs and offset gains  from the smal ler  size of the Iclcscope struc(ure.  ‘1’hc
smalicr  m a s s  combinui  w i t h  smal]cr ciimmsions  woulci  mean a smallcJ.  m o m e n t
of inertia, w}lich  would lead to a smaller ]mwcr requirement for control of the
spacecraft.  Most imporlanl  the compactness an(i smail  mass of the payloa(i
woulci  lmci to a smaller booster. ‘1’his possibility is show in l;ig. 1 where the
size of a 3-mctm dcployab]c  tclmcopc  is shown  rclat ive to the 1 iS’1’. Allogcthcr
lhcw scwral  f’aclors MOu]d provicic lweragc  m 6(N6 of the total mission cwt.

Selective,  optimized science  wou](i have lm’cragc  on only 1 O% of the miss ion
cost. A compacl  set of instrummts  is csscntiai to keeping  the total siw of the
spacecraft minimized.

Streamlined  d e c i s i o n ,  c o n t r a c t i n g  anti  rc~’icw proccsscs  one cou](i  yield a
shorter time to launch and lcwragc  on  300/0 of the mission cost.



\

,

74r,,llsl

6. Deploy  able optics

‘1’here arc scwral ways in which dcployabiij  ty can achicw  cost rcduclions:

1. Shortmcd  overall length  [hrough  usc of fast focal ratios,

2. A scgmcntcd  primary minor fo]dc(l to ]]~inimizc package diameter,

l;ast f o c a l  ratjos,  for example  1;/().8 a n d  e v e n  fi~ster,  arc n o w  ]mssible a t
accc]~tablc  cost  through the use  of aclvanccd  optical  polishing and testinfi
techniques. ‘1’}lcsc  techniques include colll~)~ltcr-co]ltlc)llccl  polishing laps
(Roger  Angc]),  stressed mirrm polishi]lg  (.Jerry Nelson), wjth  final touch-up
to required tolerances by ion polish ins (Kodak), and ion-assisted polisbinp,
(1 IIlghc’s  llanbuI”y). ‘1’hc compact lcngtl]  of a tclescopc  using  an l;/l mirror is
s}]own in side  view in l;ig. 2.

A  f r o n t  view of I;AS’l’  in l;ig. 3 shows tl]c tclcsco~)c both as folded and as
dc])loycd+  Our  c o n c e p t u a l  dcsigll  fol(ls cjght c(ltl;Llly-s}l:ll)c(l tni]ror  scglncnts
into Lwo rin~s, fotJr in each  ring,  a s  shown  i n  l:ig. 4. ‘1 ‘h c d cp] oycd  primary
mirror has small gaps around the pcri~)llwy  to ~ilaximize  bot}l ligh[-gat  hcrin g
power  an(i the mc)clulation  transfer function.



>

. .

Fig. 3.
having

%on.:  view of a Fol. decl Astronomi.ca’ Space Te!. escope,. .
an. eigh t-se.gm.en.:  prim ary .m kror.
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Ui[;. S. A ]mssib]e  t w o - s t a g e  o~~tical  varial~t of a l;oldcd  Astrono]nical  Space
‘1’c]cscopc  where wavcfrcmt  u] )grading  is done  at the small off-axis quatm nm y
m i rmr.



‘1’hc major challcmgc is how to dq)loy  sc~mmtcd,  folded  mirror sc~mcnts to [he
rcquirc(i  wavcfront a c c u r a c y .  IIifi}l p r e c i s i o n  m e c h a n i c a l  ~)osilionirlf:
111 CCha]iislns  and scnsins  subsys tems have been dcwclo]~cxl tha t  could  alif,n
segments  to t}]c required a c c u r a c y  for i n f r a r ed  systems  1~’ilhou[ need fo r
wavcfron t scnsi  ng a n d  fine adjust  lncnl cc)~]l~)lic:itiolls, l ;or visible and
u] tl-avio]ct hif,h rcsolu tion astronomy wave front up~rad  ins after  dc])lo)mcn  (

is rr(juirc(l.  M a n y  t e c h n i q u e s  for crro] sens ing  ant ]  ac tua tors  [0 correct t}lis
crJ’or, either  on the ]Jrimary mir I“or s e g m e n t s  or cxi[ pu~)i] Sc[; mcnts, were
L’X])]OJ’C’d dUI’i Ilf: th(’ ] .1)]{ ]) I”O~,Ml), t-)Ll  t fC’\\’ \\’C’l’C :lCt Ud]~ CO1lStIWCtC’d  Or tC’StCKj.

We have  done a ]Jrcliminary  cn~;inccl-ing  evaluation of how 10 dc])]oj’ boll] [Ilc
])rilnaly mirror a s  well as the tclcsco]w  ligll[  sllicl~i and s o l a r  ccl] ]XLIICIS f o r
I;AS’l’. ‘J’hc means  for dcployi  n!, tlIc IIlirror s e g m e n t s  are shmvn  in [he side
view in l;ig. 2. A  single  ~nccllanism }las also bccl~  cx])lorcd  that simul[anmus]y
dc~lloys  the solar  cell Imncls and [tic li~llt  s}]icld,  nol shown.

7. Wavcfl  OIIl upgradjng

‘1’hc wavcfront  c a n  be u])~radcd either  at t})c ])rimary mirror o r  w i t h i n  the
o])[ical  t ra in . l;or far ullr-avio]ct  ol)scrvalions [he  m i n i m u m  number  o f
reflections is essential to maintain hig]l  throughput, so in this case upgrading
sllou]d  be done at lhe ]~l-inlary mirror. If two added  reflections arc acceptable
then upgrading  may be mom convenient  and less ex]wnsivc  if done at a n
inla~e  of the p r i m a r y  m i r r o r] as shown  ili l;jg. s. one also can Upgrade’ (he
m’avcfwnl  wil}] i n  the instrulncnt  packa[:es,

for its huy,e spherical abe]ratio]]  crJw.

a s  was done  i n  corrcc[ing.  I}IC II S’J’

8. ‘1’cchno]ogy  challenges

O u r  cxaminatjon  of a prcliminal-y  met] lanical  dcsi[!n fo]- I;AS’l’  shcnvs (hat (}1c
rquircd technoloy,y  is not  o u t s i d e  [hat c u r r e n t l y  under cx~~]or:ition  a n d
dcvc]opmcnt  wj thin the o p t i c s  comnlu  I li ty. M u c h  w a s  pionccrd  011 the 1 ,1)1{
])roy,ram. ‘1’hc NASA Oplics  initiative could  add Iess  the options that  wc have
idcmtifid  it] the I;AS’l’ concept.

‘1’his woIk was c a r r i e d  o u t  by Ihc  ]ct l)ropulsion  1,aboratory,  ( C a l i f o r n i a
lnstitutc  of ‘1’cchno]ogy, uIIdc  I- coIitr:Lc[ wilh  the N a t i o n a l  AcIonau[ics  ancl
Space A{l]~lil]ist~’:~tio]~.
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frol]l low-acuity optical systons,” O]J1, l;[jj:. 31, 2271-2281 ( 1 992).


